Theoretical analysis for vibrational spectral analysis was conducted using DFT calculations. All calculations were conducted using the Vienna ab initio simulation package (VASP) ver. 5.4.1 a, b .
method b, c . Using plane-wave basis sets with kinetic energy lower than 400 eV, the valence part wave functions were expanded. All calculations were conducted using re-parameterized PerdewBurke-Ernzerhof (RPBE) as the exchange-correlation functional d, e . In terms of k-space, 0.04 Å -1
in Monkhorst-Pack reciprocal space was used. The first-order Methfessel-Paxton method with σ = 0.2 was adopted as the smearing method. These calculations were done in a spin-polarized manner. The Pt fcc (111) surface was modeled as having Pt 16 atoms 4 layers. During geometry optimization, the top two layers were relaxed. The model was constructed as repeated slabs separated by a 15 Å -1 vacuum layer. Equatorial MCH (C7H14) and dehydrogenated species (C7H13) were adsorbed over the Pt slab. The adsorbate geometries were fully relaxed. Furthermore, the DFT-D3 method of Grimme was adopted for correcting the van der Waals force. The adsorption energy was calculated using the following equation (eqns. S1 and S2).
The energy and geometry of MCH and H2 molecules were optimized by placing the molecules in a 10 Å cubic box. Vibrational frequencies of adsorbates were calculated by diagonalizing the Hessian matrix computed using a finite-difference method.
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